Background: Brain natriuretic peptide (BNP) is useful in diagnosing congestive heart failure (CHF) in patients presenting in the emergency department with acute dyspnea. We prospectively tested the utility of BNP for discriminating ARDS vs cardiogenic pulmonary edema (CPE). Methods: We enrolled ICU patients with acute hypoxemic respiratory failure and bilateral pulmonary infiltrates who were undergoing right-heart catheterization (RHC) to aid in diagnosis. Patients with acute coronary syndrome, end-stage renal disease, recent coronary artery bypass graft surgery, or preexisting left ventricular ejection fraction < 30% were excluded. BNP was measured at RHC. Two intensivists independently reviewed the records to determine the final diagnosis. Results: Eighty patients were enrolled. Median BNP was 325 pg/mL (interquartile range [IQR], 82 to 767 pg/mL) in acute lung injury/ARDS patients, vs 1,260 pg/mL (IQR, 541 to 2,020 pg/mL) in CPE patients (p ‫؍‬ 0.0001). The correlation between BNP and pulmonary capillary wedge pressure was modest (r ‫؍‬ 0.27, p ‫؍‬ 0.02). BNP offered good discriminatory performance for the final diagnosis (C-statistic, 0.80). At a cut point < 200 pg/mL, BNP provided specificity of 91% for ARDS. At a cut point > 1,200 pg/mL, BNP had a specificity of 92% for CPE. Higher levels of BNP were associated with a decreased odds for ARDS (odds ratio, 0.4 per log increase; p ‫؍‬ 0.007) after adjustment for age, history of CHF, and right atrial pressure. BNP was associated with in-hospital mortality (p ‫؍‬ 0.03) irrespective of the final diagnosis and independent of APACHE (acute physiology and chronic health evaluation) II score. Conclusion: In ICU patients with hypoxemic respiratory failure, BNP appears useful in excluding CPE and identifying patients with a high probability of ARDS, and was associated with mortality in patients with both ARDS and CPE. Larger studies are necessary to validate these findings.
A cute hypoxic respiratory failure secondary to pulmonary edema is a common reason for admission to the ICU and is associated with substantial morbidity and mortality. The differential diagnosis is challenging in cases requiring distinction between cardiogenic pulmonary edema (CPE) and ARDS/ acute lung injury (ALI). [1] [2] [3] [4] [5] The most widely used clinical definition of ARDS/ALI is based on the acute onset of hypoxemia, chest radiography, risk factors, and a pulmonary capillary wedge pressure (PCWP) Ͻ 18 mm Hg, or absence of clinical evidence of elevated left atrial filling pressures. 3 However, clinical estimation of PCWP is notoriously inaccurate, 6 and its measurement requires the performance of right-heart catheterization (RHC) using a SwanGanz catheter, which is invasive and costly, 7 and has been associated with neutral 8 -10 or potentially adverse clinical outcomes. 11 Nonetheless, the distinction between CPE and ARDS is important clinically since the management and the prognosis of these conditions are different. 12 Therefore, a simple noninvasive test to assist with this distinction would be highly desirable.
Brain natriuretic peptide (BNP) secretion is markedly increased beyond the physiologic range by pathologic ventricular volume and pressure overload. 13, 14 The blood concentration of BNP is significantly elevated in patients with heart failure 15, 16 and is useful in the diagnostic evaluation of acute dyspnea. 17, 18 While there are data regarding the correlation of BNP with PCWP, 19, 20 and in the differential diagnosis of shock, 21 there are few data directly evaluating the clinical use of BNP in the diagnosis of ARDS vs CPE in the critically ill patient. 22 Therefore, we planned a prospective study to assess the utility of measuring BNP to assist in the diagnostic and prognostic evaluation of patients with hypoxemic respiratory failure due to suspected CPE or non-CPE.
Materials and Methods

Study Population
Between March 26, 2004 , and May 1, 2005 , 80 patients with acute hypoxemic respiratory failure undergoing RHC on the basis of diagnostic uncertainty regarding the etiology of respiratory failure as judged necessary by the treating physicians were enrolled in one surgical and two medical ICUs in two universityaffiliated, tertiary care hospitals. Patients undergoing RHC for other reasons, such as guiding hemodynamic support, were not eligible for participation. The research protocol was approved by the institutional review boards of the two hospitals, and written informed consent for participation was obtained from all subjects or legal surrogate.
Inclusion criteria were as follows: (1) admission to a medical or surgical/trauma ICU with acute onset of hypoxemic respiratory failure with a Pao 2 /fraction of inspired oxygen (Fio 2 ) Ͻ 300; (2) bilateral pulmonary infiltrates on chest radiography; and (3) diagnostic uncertainty requiring insertion of a Swan-Ganz catheter. Key exclusion criteria were as follows: (1) acute coronary syndrome as the diagnosis for ICU admission; (2) acute or chronic renal failure on renal replacement therapy; (3) CABG within 2 weeks; (4) measurement of BNP in the present hospitalization prior to enrollment; and (5) known preexisting left ventricular ejection fraction (LVEF) Ͻ 30%. An impaired LVEF first documented in the ICU was not a basis for exclusion. During the enrollment period, 234 ICU patients underwent RHC in the participating ICUs. All patients undergoing RHC who met eligibility criteria with study staff available were enrolled, including during night and weekend hours.
Study Procedures
On enrollment, prior to performance of the RHC, and without knowledge of the BNP results, a physician caring for the patient recorded the most likely diagnosis (CPE vs ARDS/ALI). On placement of the introducer for the Swan-Ganz catheter, an ethylenediamine tetra-acetic acid-anticoagulated whole-blood sample was obtained. All hemodynamic measurements were performed by one investigator (D.K.) using a standard technique. Three measurements were performed at end-expiration, and the results were averaged. BNP was measured immediately after sample acquisition with a well-validated immunoassay (Triage; Biosite; San Diego, CA) 18 by laboratory personnel blinded to the clinical status of the patient. BNP results were blinded until after locking the clinical database and were not known by managing physicians or study staff. Echocardiography was not required by the protocol, but data were captured whenever available (n ϭ 74, 91%).
Determination of Final Diagnosis
Two experienced attending intensivists (A.M. and D.T.) blinded to BNP results independently reviewed all patient records at least 10 days after enrollment. Using all other available diagnostic information that were collected during routine clinical care, they categorized an adjudicated final diagnosis as ARDS, CPE, mixed edema, or neither. The expert reviewers used the American-European consensus conference definition for the diagnosis of ARDS/ALI 3 integrating all available data at the time of RHC as well as from follow-up, such as the clinical course and effect of positive pressure ventilation on hemodynamic measurements 23, 24 There was initial agreement between the two experts in 76 of 80 cases. In case of disagreement, the two experts reviewed the disputed cases together and reached a consensus.
Statistical Analysis
Categorical data are reported as proportions, and continuous data are reported as medians. Analyses of categorical variables were performed using the Fisher exact test. Analyses of continuous variables were performed using nonparametric tests or using log-transformed data. Because BNP was skewed, logtransformed BNP was used in correlation and regression analyses. Receiver operating characteristic (ROC) curve analyses were graphically represented. For each cut point of BNP, sensitivity, specificity, and positive and negative predictive values were reported.
In order to assess for an independent association between BNP and the final diagnosis, a multivariable logistic regression model was constructed with the diagnosis of ARDS as the dependent variable and log BNP, age, gender, body mass index, use of pressors, history of congestive heart failure (CHF), estimated glomerular filtration rate (GFR) [modified diet in renal disease equation], and mean right atrial and pulmonary artery systolic pressures as the independent covariates. Due to the limited sample size, a parsimonious p Ͻ 0.05 was required for entry into the model, with p Ͻ 0.1 for retention. After nonsignificant covariates were eliminated, the final model was refitted to minimize the effect of missing data. The discriminatory capacity of the model was assessed using ROC curve estimation, and goodness of fit was assessed by the Hosmer-Lemeshow test. In further exploratory analyses, the utility of BNP as a covariate was compared to that of PCWP. We additionally tested whether the inclusion of echocardiographic parameters (LVEF, wall-motion abnormality) as potential covariates impacted the association between BNP and diagnosis.
Finally, a multivariable logistic regression model was constructed to evaluate the association of log-BNP with in-hospital mortality after adjusting for the APACHE (acute physiology and chronic health evaluation) II score and other covariates associated with mortality with p Ͻ 0.05 (gender, GFR, history of CHF, use of pressors, right ventricular dysfunction or hypokinesis, serum bicarbonate concentration, and international normalized ratio). In this model, covariates already included in the APACHE II score (eg, age, BP parameters, temperature) were not included separately in the model to avoid colinearity. All analyses were performed using statistical software (Stata Version 8.2; StataCorp; College Station, TX).
Results
Baseline characteristics of the 80 enrolled patients are presented in Table 1 stratified according to the final expert diagnosis. Medical and surgical ICUs were equally represented (58% and 42% of the patients, respectively). Patients were high risk based on the APACHE II score and other clinical criteria. Subjects with CPE were more likely to be older, to have a history of CHF, and to have worse kidney function. There was no statistical difference in the frequency of prior cardiac disease, and the overall severity of illness was indistinguishable as captured by the APACHE II score. In addition, there were no significant differences in temperature, systolic BP, heart rate, WBC count, lactate levels, proportion of patients with documented bacteremia, or proportion of patients receiving one or multiple pressors between the ALI/ARDS and CPE groups. The most frequent ICU admitting diagnoses were sepsis (34%) and pneumonia (15%), followed by respiratory failure (12%), abdominal surgery (9%), CHF (8%), pancreatitis (6%), and ischemic bowel (5%).
Subjects were enrolled at a median of 3 days (25 to 75% interquartile range [IQR], 1 to 9 days) following admission to the hospital, and at a median of 0 days (IQR, 0 to 2 days) from the time of admission to the ICU. The median fluid input/output from the time of admission to the ICU until the performance of RHC was ϩ 4,100 mL (IQR, 1,000 to 9,250 mL). The median concentrations of BNP and echocardiographic, radiographic, ventilatory, and hemodynamic data are presented in Table 2 . The radiographic and ventilatory data presented were collected at the time of hemodynamic measurements. Echocardiographic data collected and presented were the most recent data in relation to the hemodynamic assessment, of which 54% were within 48 h between the two studies. Subjects with a diagnosis of ARDS had a higher median ejection fraction (p ϭ 0.03) and lower mean right atrial (p ϭ 0.0006) and end-expiratory wedge pressures (p ϭ 0.001) compared to subjects with CPE, and were more likely to be managed with higher levels of positive end-expiratory pressure (p ϭ 0.004).
BNP and Diagnosis of ARDS
The initial clinical diagnosis of CPE by the treating physician prior to RHC was in agreement with the experts' final diagnosis in only 48.6%, with the remainder classified as ARDS by expert final diagnosis (Fig. 1) . In contrast, the initial diagnosis of ARDS by the clinician was more frequently in agreement with the experts' final diagnosis (Fig 1) . Patients with a diagnosis of ARDS had significantly lower median levels of BNP compared to subjects with a diagnosis of CPE (325 pg/mL vs 1,260 pg/mL, p ϭ 0.0001) [ Table 2 ]. This observation remained consistent when restricted to those for whom the initial clinical diagnosis was CPE (388 pg/mL vs 1,280 pg/mL, p ϭ 0.01). In addition, BNP was modestly correlated with end-expiratory PCWP The area under the ROC curve for BNP in relation to the expert's final diagnosis of ARDS was 0.80. Including patients with a mixed diagnosis as CPE had minimal impact on the area under the ROC curve (C-statistic, 0.79). The diagnostic performance of BNP at several cut points is presented in Tables 3, 4 . At a cut point Յ 200 pg/mL, BNP provided a specificity of 91% and a positive predictive value of 91% for the diagnosis of ARDS. At a cut off point Ն 1.200 pg/mL, BNP had a specificity of 92% and a positive predictive value of 75% for the diagnosis of CPE. The use of the lower cut-off point Յ 200 pg/mL for BNP measurement would have reclassified 8 of 36 patients (22%) with a pre-RHC assessment of CPE as ARDS. The use of the higher cut-off point Ն 1,200 pg/mL would have reclassified 1 of 35 subjects (3%) with a pre-RHC assessment of ARDS instead as CPE. Including patients with a mixed diagnosis as CPE had minimal impact on the diagnostic performance of BNP (Tables 3, 4) . Moreover, use of the PCWP alone to categorize patients with ARDS vs CPE did not qualitatively alter the results (C-statistic, 0.75; specificity, 93% for ARDS using BNP Յ 200 pg/mL; specificity, 87% for CPE using BNP Ն 1,200 pg/mL).
In multivariable analyses, a higher concentration of BNP was associated with a decreased odds of the diagnosis of ARDS (odds ratio [OR], 0.4 per log increase in BNP; p ϭ 0.027) after adjustment for baseline covariates. The final covariates in the model included log BNP, right atrial mean pressure, and a history of CHF. The overall C-statistic for the model was 0.88, with adequate fit as assessed by the Hosmer-Lemeshow test (p Ͼ 0.3). In these analyses, indexes of renal function (both BUN as well as GFR) or the pulmonary artery systolic pressure were not associated with the diagnosis of ARDS.
In exploratory analyses, log BNP was as discriminatory a covariate as PCWP (C-statistic of model substituting PWCP for BNP, 0.88) and provided additional explanatory power to that of PCWP alone (p ϭ 0.017 by likelihood ratio test). Further sensitivity analyses including adjustment for echocardiographic parameters (LVEF and presence of a wallmotion abnormality) in patients in whom these data were available resulted in only a modest shift in the estimate of the association between BNP and ARDS (adjusted OR, 0.5 [confidence interval, 0.2 to 1.0] per log increase in BNP).
BNP and In-hospital Mortality
BNP showed a strong graded relationship with mortality risk in subjects with ARDS and CPE (p ϭ 0.03; Fig 2) . This association remained independent after considering APACHE II score and other covariates associated with mortality in univariate analyses. Only two parameters remained in the final model as independently associated with mortality: BNP (OR, 1.6 for each log increase; p ϭ 0.03) and the APACHE II score (OR, 1.1 for each point increase; p ϭ 0.002), with an overall C-statistic of the model of 0.76 and adequate goodness of fit (p Ͼ 0.6). Of note, the independent association between BNP and mortality remained after further adjustment for PCWP.
Discussion
Our findings demonstrate the potential of testing for BNP to add to the clinical history, physical examination, and routine diagnostic data to exclude CPE in patients with respiratory failure in the ICU. We found that a low concentration of BNP (Ͻ 200 pg/mL) provided a very high specificity for the diagnosis of ARDS, independent of traditional clinical variables. Importantly, a low level of BNP would have reliably excluded CPE in 8 of 18 patients (44%) for whom the initial clinical impression was that the cause was cardiogenic and the final experts' diagnosis was ARDS. Notably, the concentration of BNP was independently associated with mortality in critically ill patients, regardless of the etiology of the hypoxemic respiratory failure.
Potential Diagnostic Applications
The clinical diagnosis of ALI/ARDS is challenging, and available diagnostic criteria are far from ideal. 1 Even the performance of open-lung biopsy has limitations. 25 Accurate determination and interpretation of the hemodynamic data in a real-world ICU is also difficult. 26 -32 Our data indicate that a strategy that employs BNP as an initial diagnostic test is likely to be useful in conjunction with standard clinical tools. In patients with a BNP level that is very low (eg, Ͻ 200 pg/mL) the probability of ARDS is very high and false-positive test results are few (Ͻ 10%); thus, invasive testing might be deferred. In patients with very high BNP levels, the probability of CPE is substantially increased and similarly the additive value of hemodynamic monitoring less certain. For those with intermediate concentrations of BNP (from 200 to 1,200 pg/mL, 49% of our population), the result does not substantially alter the posttest probability, and thus additional diagnostic evaluation should be performed if there is diagnostic uncertainty. While the value of a pulmonary artery catheter is somewhat controversial, it remains among the additional diagnostic alternatives that may be considered. 33 This proposed strategy (Fig 3) reflects our observation that the potential for BNP to add to present tools is greatest when framed for its negative predictive value for CPE, and the opportunity to avoid invasive and more costly evaluation through use of a noninvasive and relatively inexpensive test. Our study reinforces that while statistically significant, the correlation between BNP and PCWP is poor, 19 -21 and thus a single BNP measurement is a 
Prognostic Implications
The observation that BNP can be elevated in patients with ARDS (with levels often Ͼ 100 pg/mL, which is considered the threshold for diagnosis of CHF in patients with dyspnea) is consistent with previous studies 34 -37 showing that BNP levels may be significantly increased in the ICU patients in relation to factors beyond pressure and volume overload. Importantly, we found that the association between BNP and outcome was independent of a comprehensive array of other traditional clinical tools.
Limitations
The strengths of this study include the mandatory assessment of the physician's pre-RHC diagnoses, the use of expert diagnosis as the "gold standard," and the thorough characterization of other clinical, hemodynamic, and diagnostic data. The following limitations should be recognized. We enrolled only patients with hypoxic respiratory failure undergoing RHC for diagnostic purposes as judged indicated by the treating physicians. Thus, by design, the study enrolled a high-risk cohort of patients in whom the diagnosis was particularly challenging and/or critical. The high mortality rate observed in our study is congruent with this aspect. In addition, we excluded patients with known preexisting severe systolic dysfunction since BNP may remain elevated even after the filling pressures are normalized, 15 and those with acute coronary syndromes 13, 38 and with renal failure since both conditions may lead to increased BNP concentration. Although the principles are reasonably expected to apply generally to similar ICU populations, including less complex patients with hypoxemic respiratory failure, the cut points suggested by our analyses were determined by ROC curve analysis in this data set and warrant validation. In addition, the absence of a single objective "gold standard" for diagnosis of ARDS is a challenge inherent to all studies of diagnostic testing for this syndrome. We took a rigorous approach of independent expert review, blinded to BNP data, using established criteria. Nevertheless, it is important to recognize that ARDS is a clinical syndrome, and its diagnosis requires the consideration of multiple clinical, radiographic, laboratory, and hemodynamic data along with clinical judgment. Lastly, while the number of patients enrolled in our study (n ϭ 80) is larger than in prior studies 19 -22 addressing the use of BNP in this syndrome (n ϭ 40 to 50), our study is still small. In light of this and the other limitations we have highlighted, prospective validation in larger studies is needed before integrating this strategy into clinical practice.
Conclusion
Measurement of BNP in conjunction with other clinical and laboratory assessments may be useful in the diagnostic and prognostic evaluation of patients admit- ted to the ICU with hypoxemic respiratory failure. In particular, BNP may be most useful for excluding CPE in this setting. If validated in future prospective studies, measurement of natriuretic peptides may obviate the need for an invasive procedure in some cases.
